Introduction
The Tohoku earthquake in Japan on 11 March 2011 was a triple disaster -earthquake, tsunami and nuclear incident -that had major health effects. The Chernobyl nuclear disaster in the former Soviet Union led to increased mental health problems among residents, which persisted and consequently became a public health problem. 1, 2 Likewise, a high proportion of the evacuees in Fukushima have experienced psychological distress and traumatic reactions. 3 The complex nature of the events at Fukushima, comprising both natural and technological disasters, created an additional burden on residents' mental health. 4 Previous research has identified factors affecting mental health following a disaster, including female gender, low-socioeconomic status, experience of severe disaster damage, poor social support, physical injuries, history of mental illness or traumatic experience and proximity to the disaster site. [5] [6] [7] [8] Risk perception is an additional factor affecting mental health following a nuclear disaster. 9 Risk perception concerns the subjective judgment that people make about the characteristics and severity of risks.
Similar factors can reasonably be expected to have affected Fukushima residents; indeed, research on health workers dispatched after the earthquake revealed that their concerns over radiation exposure adversely affected their mental health status. 10 Moreover, Japanese people were concerned about the risk of radiation even before the Fukushima disaster, as a result of the atomic bombing of Hiroshima and Nagasaki. 11 After the Fukushima disaster, the local government launched an extensive health survey to reach evacuees at risk of health problems and to monitor their health status. 12 Here, we assess whether psychological distress is associated with perceived risks of radiation exposure and disaster-related stressors in people who were evacuated from their homes because of the disaster.
Methods

Study design
The Fukushima health management survey was implemented to monitor the long-term health and lifestyle changes of the evacuees following the Fukushima disaster. The present study was conducted as a part of a longitudinal study to monitor the mental health status of evacuees of the Fukushima disaster. 12 The data reported here are from a baseline cross-sectional survey conducted in 2012, within a year of the disaster. The target population were all residents registered within the government-designated evacuation zone, which included the following municipalities: Hirono-machi, Naraha-machi, Tomioka-machi, Kawauchi-mura, Okuma-machi, Futaba-machi, Namie-machi, Katsurao-mura, Iitate-mura, Minamisoma City, Tamura City and part of Date City in Fukushima prefecture. On January 18, 2012, questionnaires were posted out to evacuees who were at least 15 years old on March 11, 2011 (n = 180 604). The questionnaire on mental health and lifestyle was self-administered. Reminders were sent, but no incentives were offered to the residents. The study was approved by the Ethics Committee of Fukushima Medical University and the Objective To assess relationships between the perception of radiation risks and psychological distress among evacuees from the Fukushima nuclear power plant disaster. Methods We analysed cross-sectional data from a survey of evacuees conducted in 2012. Psychological distress was classified as present or absent based on the K6 scale. Respondents recorded their views about the health risks of exposure to ionizing radiation, including immediate, delayed and genetic (inherited) health effects, on a four-point Likert scale. We examined associations between psychological distress and risk perception in logistic regression models. Age, gender, educational attainment, history of mental illness and the consequences of the disaster for employment and living conditions were potential confounders. Findings Out of the 180 604 people who received the questionnaire, we included 59 807 responses in our sample. There were 8717 respondents reporting psychological distress. Respondents who believed that radiation exposure was very likely to cause health effects were significantly more likely to be psychologically distressed than other respondents: odds ratio (OR) 1 Conclusion Among evacuees of the Fukushima nuclear disaster, concern about radiation risks was associated with psychological distress.
Data sources
The outcome variable was non-specific psychological distress as measured by the K6 scale. 13 This scale, which ranges from zero to 24, asks respondents whether they have experienced six mental health symptoms during the past 30 days. Each question is rated on a fivepoint Likert scale, with higher scores signifying higher psychological distress. The Japanese version of the K6 score has been validated. 14 We defined psychological distress as a K6 score ≥ 13. 13 We measured participants' beliefs about the potential health effects of radiation exposure 15 based on their responses to the following questions: (i) What do you think is the likelihood of having immediate health damage (e.g. dying within one month) as a result of your current level of radiation exposure? (ii) What do you think is the likelihood of damage to your health (e.g. cancer onset) in later life as a result of your Information on disaster-related stressors was collected from the questionnaire, including: living place (in or out of Fukushima prefecture); living arrangement at the time of the survey (evacuation shelter, temporary housing, rental housing/apartment, relative's house, own house or other); employment (full-time, part-time or unemployed); loss of employment (yes/no); decrease in income (yes/no); damage to house (no damage, partial damage, partial collapse, partial but extensive collapse or total collapse) and death of someone close (yes/no). To examine the effect of multiple disaster stressors, we created a new variable (the number of stressors) equal to the sum of disasterrelated stressors in the highest category. The variable was reclassified into quartiles for inclusion in regression models.
Statistical analysis
We restricted the analysis to participants who responded to all items on the K6 scale. For the remaining variables, missing data were replaced with their respective reference category.
We examined the distribution of demographic characteristics, disasterrelated stressors, perceived risks of radiation exposure and psychological distress using χ 2 tests. Associations between perceived risks of radiation exposure and psychological distress were investigated in logistic regression models. We ran models with and without inclusion of individual characteristics and disaster-related stressors. Model 1 included disaster-related stressors as separate variables, while model 2 used our derived variable indicating the number of stressors (classified into quartiles).
In a post-hoc analysis, we explored the individual characteristics and disaster-related stressors associated with rating radiation risks as very likely.
Multicollinearity was assessed using variance inflation factors. All statistical analyses were performed using Stata 13.0 for Windows (StataCorp LP, College Station, United States of America).
Results
The questionnaire was returned by 73 569 (40.7%) of participants. We excluded 9245 responses that were completed by another family member, 4381 that were missing any values for the K6 score and 136 that were missing values for other variables such as gender and age. This resulted in a final sample of 59 807 (33.1%) responses; 8717 participants were classified as psychologically distressed (14.6%). The distribution of the survey variables by degree of psychological distress is presented in Table 1 . Fig. 1 summarizes participants' perception of radiation risks to health. The most frequent responses were as follows: immediate effects were considered very unlikely, delayed effects were unlikely and genetic effects were very likely. Compared to people without psychological distress, more people with psychological distress thought that immediate, delayed and genetic effects were very likely.
In the unadjusted logistic regression analysis, psychological distress was positively associated with the perception that radiation risks were very likely for immediate effects (odds ratios, OR: ** ** ** ** P < 0.001. Note: Psychological distress was measured using K6 scale. 13 A score ≥ 13 was defined as psychological distress.
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income. Higher educational attainment was associated with decreased psychological distress. In model 2, increased psychological distress was associated with the number of disaster-related stressors (Table 2 , model 2).
Characteristics of participants who perceived radiation risks to be very likely are shown in Table 3 . The common stressors associated with greater perceived risk were: experience of bereavement, severe housing damage, not owning the place of residence and decreased income, for all three types of health effects. On the other hand, higher educational attainment was associated with lower perceived risk. People aged over 65 years were more concerned about immediate effects, while women, those living outside Fukushima prefecture and those who had lost employment were more concerned about delayed and genetic effects. Respondents in the age group 15-49 years were more concerned about delayed effects, while older age groups (50-64 years and 65 years and older) were more concerned about genetic effects. The variance inflation factors of the variables in each analysis ranged from 1.01 to 1.92, suggesting a low degree of multicollinearity.
Discussion
Among evacuees of the Fukushima disaster, psychological distress was more 
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frequent among people who perceived health effects of radiation exposure to be very likely, even after controlling for possible confounders. In terms of risk perception, the result of this study was consistent with findings from studies conducted in Chernobyl, which indicated that greater perceived radiation risks were associated with poor mental health. 9, 17, 18 Incorrect understanding of health effects of radiation was related to poor mental health status in a study of people in Nagasaki, Japan, who had not been directly exposed to the atomic explosion. 19 Taken together, it appears that psychological status is related to the perception of radiation risks.
The proportion of those with psychological distress was far greater in our study (14.6%) than in other areas affected by the Tohoku earthquake and subsequent tsunami (6.2%) 20 or the Japanese population under normal circumstances (4.2-4.4%). 21 It is estimated that the prevalence of mental health problems may double at times of disaster. 22 However, the proportion of people with psychological distress was more than double among the evacuees of the Fukushima disaster, compared to the Japanese population under normal conditions. This may have been due to the complex nature of this disaster, which involves uncertainty about the radiation effects on health.
Factors associated with psychological distress reported in previous disaster research [5] [6] [7] were also associated with psychological distress here, demonstrating that these findings were generally consistent with previous studies of other types of disaster. One exception was that living outside Fukushima prefecture was not associated with psychological distress among the study population. Generally, relocation as a consequence of disaster has either no association or a negative association with mental health status, depending on the type of disaster. 23 In the event of a complex disaster such as the Fukushima disaster, living in an unfamiliar place might not strongly affect psychological distress, especially for those who voluntarily chose to move away from Fukushima.
There were weak associations between individual disaster-related stressors and psychological distress. However, there were stronger associations with the number of disaster-related stressors. Predictably, those who experienced more severe disaster damage had more subsequent lifestyle changes, such as moving homes, changing jobs and experiencing a decrease in income and these stressors may have been correlated with each other. Nevertheless, the notion of cumulative disaster stressors has practical implications in providing care. By identifying people who experienced more hardship after the disaster, we can identify those who are more likely to experience psychological distress. This is in line with the approach of psychological first aid, which aims to promote the psychosocial well-being of the people affected by a disaster by assessing and offering practical help. 24 People who had experienced more severe disaster damage were more concerned about radiation risk. This might reflect the participant's proximity to the nuclear power plant; however, we do not have data to confirm this speculation and further studies are needed.
Elderly people (65 years and older) were more concerned about immediate effects than younger age groups. On the other hand, respondents of reproductive age were more concerned about delayed effects, whereas respondents older than 49 years were more concerned about genetic effects on their progenies. These different age patterns are consistent with the suggestion that parents and grandparents were concerned about radiation health effects on their children.
Previous studies of nuclear disasters and mental health were done long after the disaster, 25, 26 or were done in specific populations, such as mothers [27] [28] [29] and clean-up workers. 30 
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La angustia psicológica y la percepción de los riesgos de radiación: la encuesta sobre la gestión sanitaria en Fukushima (Fukushima Health Management Survey)
Objetivo Evaluar la relación entre la percepción de los riesgos de radiación y la angustia psicológica entre los evacuados del desastre de la central nuclear de Fukushima. Métodos Se analizaron los datos transversales de una encuesta realizada a los evacuados en 2012. La angustia psicológica se clasificó en términos de presente o ausente en base a la escala K6. Los encuestados registraron sus opiniones sobre los riesgos sanitarios de la exposición a la radiación ionizante, incluyendo los efectos inmediatos, tardíos o genéticos (heredados) en la salud en una escala Likert de cuatro puntos. Se examinaron las asociaciones entre la angustia psicológica y la percepción de los riesgos en modelos logísticos de regresión. La edad, el género, el nivel educativo, el historial de enfermedades mentales y las consecuencias del desastre en cuanto a empleo y vida fueron factores potenciales de confusión.
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Resultados En nuestra muestra se incluyeron 59.807 respuestas de las 180.604 personas que realizaron el cuestionario. Hubo 8.717 encuestados que registraron angustia psicológica. Aquellos encuestados que creían que la exposición a la radiación muy probablemente causaría efectos sobre la salud tenían más posibilidades de estar psicológicamente angustiados que otros encuestados: cociente de posibilidades (CP) de 1,64 (intervalo de confianza, IC, del 99,9%: 1,42-1,89) para efectos inmediatos; CP: 1,48 (IC del 99,9%: 1,32-1,67) para efectos tardíos, y CP: 2,17 (IC del 99,9%: 1,94-2,42) para efectos genéticos (heredados). Se obtuvieron resultados parecidos tras controlar las características individuales y los agentes de estrés relacionados con desastres. Conclusión En los evacuados del desastre nuclear de Fukushima, la preocupación en relación con los riesgos de radiación estaba asociada con la angustia psicológica.
